A rapid, reproducible, and relatively simple method for the preparation of large quantities of fluorescein isothiocyanate-conjugated antibody is presented. Tagged globulins with fluorochrome-protein ratios of 1 and 2 were eluted from diethylaminoethyl-cellulose in batch form by using sodium phosphate-buffered 0.1 M and 0.2 M saline, respectively. The intensity and specificity of the fluorescence due to this antibody was quite high, as determined by the ability of untagged antibody to block the immunological reactivity of the fluorescent antibody and by the lack of fluorescence of antigenically unrelated material when treated under identical conditions.
Since the introduction of the fluorescentantibody technique by Coons et al. (2) , numerous modifications have been published by various workers with the intent of providing quicker and more simplified methods of conjugation of antibody with fluorescent dyes while retaining or even improving the sensitivity and specificity of the labeled product (1, 3, 5, (9) (10) (11) (12) .
One of the methods most widely used in the preparation of fluorescent antibody, and-the one used in our laboratory for the preparation of fluorescent antibody to Histoplasma capsulatum, is that of Goldstein et al. (5) . This method is time consuming in that it requires diethylaminoethyl (DEAE) column chromatography to isolate labeled antibody with the desired fluorochromeprotein ratios. The use of column chromatography also limits the quantity of labeled antibody that can be prepared.
This study presents a modification of the above method for the more rapid and simplified preparation of larger quantities of specific and sensitive fluorescent antibody.
MATERIALS AND METHODS
Preparation of immune serum. A New Zealand white rabbit was immunized by using five weekly intravenous injections of 3 X 108 live yeastphase H. capsulatum cells (strain 6651) in saline suspension. One month later the rabbit received a booster injection of 3 X 108 live cells and 3 months after this received a second booster injection. The serum used in these studies was obtained by bleeding from the ear 1 week after the second booster injection and exhibited a titer of 1:512, as determined by passive hemagglutination of sheep erythrocytes sensitized with histoplasmin. This antiserum cross-reacted with Blastomyces dermatitidis as do all unabsorbed anti-H. capsulatum sera because of the shared antigenic components of H. capsulatum with this and with other fungi (6, 7) .
Ammonium sulfate precipitation. A 40% (NH4)2SO4 precipitation was performed on the whole rabbit serum. Saturated (NH4)2SO4 at pH 7.2 was added dropwise and with constant stirring at room temperature to the immune serum so that the final concentration of (NH4)2SO4 was 40%. The mixture was allowed to stir for 30 min at 25 C and then was centrifuged at 1,000 X g for 30 min at 20 C. The supernatant fluid was discarded and the precipitate was washed in one volume of 40% (NH4)2SO4 and centrifuged as above. The precipitate was restored to the original volume of serum by using 0.01 M sodium phosphate-buffered saline at pH 7.2 (PBS). A Sephadex G-25 column (Pharmacia) was used to remove excess (NH4)2SO4.
Elution was with PBS. The eluate was concentrated to the initial volume of the serum by ultrafiltration in an Amicon filter at 4 C. A membrane (10,000 molecular weight) and 50 lb/in2 of nitrogen were used.
Conjugation of serum globulins with FITC. Conjugation was performed at 4 C following the method of Goldstein et al. (5 4 C for 20 h. After conjugation, the reaction mixture was passed through the Sephadex G-25 column to remove the excess FITC and carbonates. Elution was with PBS and the eluate was concentrated by ultrafiltration, by using the Amicon filter.
Batch elution of FITC-labeled globulins. Whatman DEAE-cellulose, DE 32 microgranular, was equilibrated in 0.01 M sodium phosphate buffer, pH 7.5. For use the DEAE was filtered on a Buchner funnel and 5 g wet weight was used for each 1 ml of tagged globulin solution. In this study, 5 ml of the Amicon-concentrated FITC globulin was added to 25 g of DEAE, and the mixture was stirred with a spatula for 10 min. This slurry was then centrifuged at 1,500 X g for 10 min at 4 C, and the supernatant fluid was removed and saved for evaluation with the other eluates. Stepwise elutions were then done in duplicate on the DEAEglobulin mixture by using 50-ml (2 ml/g of DEAE) volumes of the appropriate eluant. The first elution was with 0.01 M phosphate buffer, followed by elution with phosphate-buffered NaCl of the following increasing molarities of NaCl: 0.05, 0.1, 0.2, 0.4, 1.0, and 5.0. Each elution was performed by stirring the DEAE-globulin mixture with a magnetic stirrer for 10 min followed by centrifugation at 4 C for 10 min at 1,500 X g. Each fraction was concentrated by Amicon ultrafiltration to a volume of 2 ml and then resuspended in 20 ml of PBS and concentrated again so that the final concentration of FITC-labeled globulin was 1 mg/ml.
Stepwise batch elution was done initially on conjugates made by using FITC at a concentration of 8 mg/1,000 mg of globulin to determine the molarities of buffered saline eluting conjugated globulins of the optimal intensity and specificity. This procedure was later modified, increasing the concentration of FITC from 8 to 16 mg/1,000 mg of globulin and eluting the DEAE-globulin mixture directly with phosphate-buffered 0.1 M NaCl followed by phosphate-buffered 0.2 M NaCl.
Determination of globulin concentration and F/P ratios. The concentration of globulins in our preparations was approximated by using the absorbance at 280 nm, a reading of 1.24 U corresponding to roughly 1 mg of rabbit gamma globulin per ml. This method was used also to determine the amount of FITC necessary for conjugation and to determine the fluorochromeprotein (F/P) ratios. F/P ratios were calculated according to the following formula: (Moles fluorochrome/Moles protein) = X (OD/CP), where OD = optical density at Xm.. for FITC (495 nm); Cp = conjugated globulin concentration in mg/ml; and X = 2.8 for FITC (4 A Gelman Instrument Co. power supply was used to generate a current of 1.7 mA per slide for approximately 70 min. Goat antibody to whole rabbit serum (lot no. 0811704, Sycco, Milburn, N.J.) was added to the central troughs, and the slides were placed in a humidity chamber at 25 C overnight. The gels were washed for 24 h in saline and 1 h in deionized water, dried, and stained with amido black.
Staining with fluorescent antibody. Yeastphase H. capsulztum whole cells or cell walls were applied in deionized water suspension to glass slides precleaned with 70% ethanol and heat fixed. One or 2 drops of fluorescent antibody were applied, and the slides were incubated in the dark for 30 min at 37 C in a moist chamber. After incubation, the slides were washed twice for 5 min each time in PBS, dipped twice in deionized water, and dried. Glass cover slips (thickness no. 1, 24 by 40 mm) were mounted by using a medium consisting of 90% glycerol and 10% PBS.
Determination of specificity. The absence of nonspecific fluorescence was determined by the ability of the untagged anti-H. capsulatum globulin to block staining of H. capsulatum and of the cross-reacting fungus, B. dermatitidis, by fluorescent antibody. Slides were preincubated with the untagged globulin for 30 min, washed, and stained as above with fluorescent antibody. In addition, slides of Escherichia coli were treated with fluorescent antibody and evaluated for nonspecific fluorescence.
Fluorescence microscopy. Fluorescence microscopy was performed on a Zeiss photomicroscope by using a Zeiss power supply with an Osram HBO 200-W light source, a Zeiss BG-12 exciter filter, and a Zeiss number 53 barrier filter.
RESULTS

Batch elution of FITC-conjugated glob-
ulins. The conjugated globulin fractions eluted from DEAE-cellulose by 0.01 M phosphate buffer, pH 7.5, containing increasing amounts of NaCl, were compared by immunoelectrophoresis. In each fraction the labeled globulin was a gamma globulin and in each case was present as a single sharp band. Stepwise increases in the molarity of NaCl in the eluant resulted in corresponding increases in the F/P ratio of the conjugated globulins in the eluate. As the F/P ratios increased, progressive alterations of the electrophoretic mobilities of the conjugated globulins resulted, causing them to migrate further toward the anode. With higher concentrations of NaCl, serum albumin was also eluted.
Intensity of fluorescence. Staining of H. capsulatum yeast-phase cells and walls with these fractions indicated that an F/P ratio of 1, corresponding to elution with 0.1 M NaCl in phosphate buffer, was the minimum ratio that provided an acceptable intensity of fluorescence. When the fractions eluted with 0.1 M NaCl and below were combined, the intensity of fluorescence was lowered. Since elution with 0.1 M NaCl without prior elution by lower molarities of NaCl would be expected to yield a similar combination of labeled globulins, the amount of FITC used in conjugation was increased from 8 mg to 16 mg/1,000 mg of gamma globulin based on optical density at 280 nm. With these new conditions, elution with phosphate buffer containing 0.1 M and 0.2 M NaCl resulted in globulin fractions with F/P ratios of 1 and 2, respectively, both of which exhibited high intensity of fluorescence.
Specificity of fluorescence. Unlabeled globulin completely blocked fluorescence by the fractions eluted with 0.1 M and 0.2 M NaCl. E. coli treated with fractions of low F/P ratio did not fluoresce. Nonspecificity increased with increasing molarity of the eluant and corresponded to fractions with higher F/P ratios and increasing negative charge of the conjugate.
DISCUSSION
The sensitivity of a fluorescent-antibody assay can be greatly increased if nonspecific staining by the preparation can be reduced or eliminated. This study has shown that fluorescent antibody with a strong intensity of fluorescence and a minimum of nonspecific fluorescence can be reproducibly prepared in a rapid and relatively simple manner.
The use of DEAE-cellulose in batch rather than in column form represents a considerable saving in the time and equipment necessary to prepare a highly reactive and specific conjugate. FITOtagged antibody with the desired F/P ratio can be eluted easily and quickly, and the very nature of the batch procedure allows for large quantities of fluorescent antibody to be produced. Moreover, Sephadex G-25 column chromatography can be substituted for the slower, traditional dialysis methods of removing (NH4)2S04, carbonates, and excess FITC from the globulin solutions. Unconjugated FITC binds strongly to DEAEcellulose (12) and was found by us in this study to be incompletely eluted, even with 5 M NaCl. Therefore, if one wishes to reuse the DEAE, it is preferable to free the conjugate of this excess FITC on G-25 Sephadex prior to DEAE-cellulose chromatography. In addition, Amicon ultrafiltration provides a more rapid method for concentration than various other methods such as dialysis against polyethylene glycol or polyvinyl pyrrolidine, pervaporation, negative pressure dialysis, (NH4)2S04 precipitation, or concentration with dry Sephadex (3, 8) . Furthermore, the approximation of globulin concentration based on absorption at 280 nm eliminates the need for nitrogen determination to arrive at protein concentration. This approximation can be used to determine both the amount of FITC to be used in conjugation and the F/P ratios of the antibody fractions prepared when proper corrections are made for FITC absorbance at 280 nm.
The combination of batch elution with G-25 Sephadex chromatography, Amicon ultrafiltration, and spectrophotometric determination of globulin concentration can decrease the time required to prepare FITC-conjugated antibody by more than half.
In these studies, globulin fractions with F/P ratios of 1 and 2 as determined by the above method were found to give the greatest specificity of all the fractions tested while still providing an acceptable intensity of fluorescence. As the F/P ratios and the negative charge of the conjugates increased, the degree of nonspecificity increased. This was shown by the inability of untagged antibody to block fluorescence of the H. capsulatum and the antigenically related B. dermatitidis with these high ratio fractions, as well as by increased fluorescence of the antigenically unrelated E. coli treated with these same high ratio fractions. Furthermore, in the fractions eluted from the DEAE by high-molarity NaCl, serum albumin was present which further contributed to the nonspecific reactivity of the highly negatively charged conjugates with the larger F/P ratios.
